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ObfrKdres .
The purpose of this study was to charecterio
k Bided aceeaMary pathways that traverse the atrioventrkular
(AV) groove subepleardlally and to describe results of radlo-
frequaeq catheter
ablation within the coronary sinus In die
B cdgaornd, Radlofrequency catheter ablation has proved to
be a qfh and edlectve method for treatment of accessory path-
wM however, vAepi l accessory pathways may account
for asses of the Mare cecountt vd daring endocardial ablation.
M d*& The study group comprised 51 consecutive patients
with a halt-aided accessory pathway who were undergoing radio
frequency catheter ablation . Inid dly, the ablation catheter was
introduced into a femoral artery and positioned on the ventricular
aspect of the mitral annahes, If this enldoctrdial approach was
aeuoceelbl, the ablationa catheter was introduced into the care.
nary sinus and energy applied at sites with shorter activation dam
than those rreoerded from the endocardium,
Remake. Ilk. (10%) of 51 patients with a Iettelded accessory
pathway could ad have accessory pathway conduction inter
rupted with a median of 18 endocardial radlofrequency energy
Radohequency catheter ablation using an atrial or ventric-
ular endocardial approach has proved to be a safe and
effective method for definitive cure of accessory pathway
tachycwdias, with reported success rates of 87% to 99%
(1-5) ; however, accessory pathways that traverse the atrio-
ventricular (AV) groove just beneath the epicardium might
not be affected by an ablative endocardial lesion adjacent to
the annulus (Fig . 1). Thus, subepicardial pathways may
account for some of the failures encountered during endo-
cardial ablation, particularly on the mitral annulus where the
AV groove is the largest .
The purpose of the current study was to characterize
these subepica:dial accessory pathways and to describe
results of radiofrequency catheter ablation within the cores
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applications. Accessory pathway potentials were less frequent
during endocardial mapping In these 5 patients than In the 46
patients whose accessory pathway was successfully ablated from
the endocardlal surface, All five of these patients later had
susse d ablation using one or two applications of radio-
frequency energy from within the coronary sinus. Effective target
site electrograms in the coronary sinus were characterized by an
accessory pathway potential that was larger than the correspond-
ing aerial or ventricular electregram. There were no complications
or recurrences after ablation within the coronary sinus .
Conclusions. Some left-sided accessory pathways may be diffi-
cult to ablate from the endocardial surface because they traverse
the AV groove subepicardiaky. The absence of an accessory
pathway potential during endocardial mapping In combination
with a relatively large accessory pathway potential within the
coronary sinus m y be a aneidl marker of a subepicardlal path-
way. In this select group of patients, radiofrequency catheter
ablation from within the coronary sinus appears to enhance
efficacy.
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nary sinus in the subset of patients whose left-sided acces-
sory pathway cannot be ablated from the endocardial sur-
face.
Methods
The study group compromised 5! consecutive patients
with an accessory pathway located in the left free wall who
underwent radiofrequency catheter ablation between April
1992 and August 1992 . Their mean age (± SD) was 36 ± 15
years and 19 of the 51 were women . They had experienced
symptoms referable to supraventricular tachycardia for an
average of 14 t 13 years and had been treated with 1 .8 ± 1 .5
antiarrhythmic drugs . Coronary artery disease was present
in two patients, and the remaining patients had no evidence
of structural heart disease . The accessory pathway was
manifest in 28 patients and concealed in 23 . The accessory
pathways were located on the posterior aspect of the mitral
annulus in 29 patients and on the lateral or anterior aspect of
the mitral annulus in the remaining 22 .
Procedures were performed under a protocol approved
0735-1097/93/$6 .00
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Figure 1 . Diagram of the atrioventricular (AV) groove in cross
section . Accessory pathways may lie deep in the groove (A),
inserting into the epieardium of the left ventricle in proximity to the
mitra l annulus . Some pathways may traverse the AV groove subepi-
cardially (B) . The atrial and ventricular insertions ol'such a pathway
may not be affected by an ablative lesion made at the mitral annulus .
CS
a
coronary sinus ; LA = left atrium ; I .Cx - left circumflex
coronary artery ; MV = mitral valve .
by the Human Research Committee at the University of
Michigan, and all patients provided informed, written con-
sent. Antiarrhythmic drugs were discontinued at least 5
half-lives before the procedure. Two 6F quadripolar elec-
trode catheters were inserted into a femoral vein and posi-
tioned in the high right atrium and right ventricular apex . A
third tip-deflectable electrode catheter was positioned to
record the His bundle electrogram . Leads V 1 , I, 11 and III
and the intracardiac electrograms were recorded at a paper
speed of 100 or 200 mm/s . Techniques used in the initial
diagnostic portion of the electrophysiologic test have been
described elsewhere (6) . Incremental overdrive pacing and
extrastimulation of the atrium and ventricle were performed
to assess conduction and refractoriness of the accessory
pathway. In addition to recording the His bundle electro-
gram, the deflectable electrode catheter was introduced into
the coronary sinus to determine AV or ventriculoatrial (VA)
conduction times, or both, and to localize the accessory
pathway to a general region of the mitral annulus .
Ablation protocol. A 7F tip-deflectable catheter (EP
Technologies or Mansfield Scientific) with an 8F, 4-mm
distal electrode was used for ablation . Left free wall acces-
sory pathways were initially approached from the ventricu-
lar aspect of the mitral annulus . The catheter was introduced
into a femoral artery and advanced into the left ventricle .
The catheter was then used to precisely map ventricular or
retrograde atrial activation along the mitral annulus .
Target sites for ablation of manifest pathways were
selected on the basis of the presence of distinct atrial and
ventricular electrograms, early ventricular activation rela-
tive to the delta wave and the presence of an accessory
pathway potential, or any combination of these. Target sites
for concealed pathways were selected on the basis of distinct
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atrial and ventricular electrograms, with early retrograde
atrial activation or an accessory pathway potential, or both .
An accessory pathway potential was defined as a high
frequency deflection distinct from the atrial and ventricular
components of the electrogram
. This deflection preceded the
onset of the QRS complex (or the atrial electrogram in the
case of retrograde accessory pathway conduction)
. No at-
tempt was made to validate the presence of accessory
pathway potentials using pacing maneuvers .
Radiofrequency energy was produced by a generator
that delivered a continuous, unmodulated signal at 500 kHz
(EP Technologies, Inc.). Current was applied between the
distal electrode of the ablation catheter and a large-diameter
skin electrode placed on the posterior chest . Test applica-
tions of 25 to 35 W were delivered to each site for 5 to 10 s .
If accessory pathway conduction was interrupted, energy
application was continued for an additional 20 to 40 s . If the
test application had no effect on conduction, the catheter
was repositioned and the process repeated . If there was a
rise in impedance during radiofrequency energy application,
the catheter was withdrawn and adherent material cleaned
from the distal electrode .
During some ablation procedures . no effective endocar-
dial target site could be identified . In these cases, the
ablation catheter was introduced into the coronary sinus . No
other catheter was within the coronary sinus at the time that
the ablation catheter was being used to map this structure . If
an electrogram within the coronary sinus was identified that
had a shorter activation time than those recorded from the
endocardium, a test application of radiofrequency energy
was given at that site . As with endocardial sites, an effective
radiofrequency energy application within the coronary sinus
was continued for a total of 20 to 40 s .
At the conclusion of the procedure, patients were moni-
tored for 6 to 18 h before being discharged . Those who had
energy application within the coronary sinus underwent
echocardiography immediately after the procedure .
Patients with a manifest accessory pathway had follow-up
electrocardiograms (ECGs) at 2 weeks and 3 months after
the ablation . A follow-up electrophysiologic test was recom-
mended to patients with a concealed pathway .
Statistical analysis. Results are expressed as mean value
I SD. The characteristics of patients whose accessory
pathway was ablated from within the coronary sinus were
compared with those treated with the endocardial approach
using continge'lcy table analysis and the Student t test for
unpaired variables. A p value s 0 .05 was considered statis-
tically significant .
Results
Catheter ablation using the endocardial approach. A left
free wall accessory pathway was successfully ablated using
an endocardial approach in 46 of the 51 patients . A median of
6.5 radiofrequency energy applications (range I to 30) at an
output of 32 ± 6 W was used . The mean duration of the
1102
LANGBERG ET AL .
ABLATION FROM WITHIN THE CORONARY SINUS
Table 1
. Clinical and Electrophysiologic Characteristics of Patients With Ablation of the Left-Sided
Accessory Pathway From the Endocardium From Within the Coronary Sinus
Values presented are mean value t SD or number
. AP
-
accessory pathway : BCL = block cycle length : CL
cycle length ; F
-
female; LV - left ventricular ; M
-
male
; SVT = supnwentricular tachycardia
; VA =
venttticuloattial .
ablation session (defined as the time from the end of the
diagnostic portion of the electrophysiologic test until the
elimination of accessory pathway conduction) was 50
48 min, and the mean duration of total fluoroscopy exposure
was 37 ± 26 min .
Catheter ablation from within the coronary sinus. Five of
51 patients could not have accessory pathway conduction
interrupted with a median of 18 endocardial applications
(range 3 to 46) of radiofrequency energy at the mitral
annulus, In all of these patients, accessory pathway conduc-
tion was successfully interrupted with 1 .2 ± 0.4 applications
of radiofrequency energy within the coronary sinus .
An accessory pathway potential was recorded during
endocardial mapping in only one (20%) of these five patients .
In contrast, a presumed accessory pathway potential was
present at the effective site in 35 (76%) of 46 patients with
successtititl endocardial ablation of a left-sided pathway (p =
0.04) . Other clinical and electrophysiologic characteristics of
this subset of patients were not significantly different from
the characteristics of patients successfully treated with the
endocardial approach (Table t ) . Their mean age was 45 t 11
years, and four of five were women. None had a history of
structural heart disease. Episodes of palpitation had oc-
curred for 21 ± 12 years, and the patients had been treated
with 2 ± 1 .6 antiarrhythmic drugs. Three of the accessory
pathways were manifest, and two were concealed. The
anterograde block cycle length of the accessory pathways
was 2 20 ms, and the retrograde VA block cycle length
was 250 ± 10 ms. The mean cycle length during orthodromic
tachycardia wFs 320 ± 50 ms .
The site that successfully interrupted accessory pathway
coil
i tetion was located antem dterally in the distal coronary
sinus in two patients and in association with the origin of the
middle cardiac vein in three patients . The electrogram that
was recorded from the effective site within the coronary
sinus was characteriz
;-ci by a large accessory pathway po-
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tential (Fig . 2) . In all cases, the accessory pathway potential
was greater in amplitude than either the atrial or the ventric-
ular components of the electrogram (0.77 ± 0 .42 vs . 0.32
0.21 and 0.50 ± 0.27 mV).
Accessory pathway conduction was eliminated by a sin-
gle application of radiofrequency energy within the coronary
sinus in four patients and required two applications in one
patient . A mean of 28 * 9 W was applied for 2 3 ± 9 s . After
the effective applications, the accessory pathway potential
was no longer recorded (Fig . 2). None of the applications
was associated with a rise in impedance.
All five patients experienced burning chest discomfort
during radiofrequency energy application ; however. then:
were no significant changes in blood pressure or s 'r seg-
ments after ablation within the coronary sinus . Echocardi-
ography in these patients revealed the absence of pericardial
fluid . There have been no recurrences of accessory pathway
Figure 2 . Surface electrocardiogram and target site electrograms
before and after successful radiofrequency (RF) catheter ablation
within the coronary sinus. A large accessory pathway potential
(arrow) present before ablation is no longer seen after ablation. A =
atrial electrogram: CS
-
recording from within the coronary sinus ;
V = ventricular electrogram .
BEFORE RF
	
AFTER
RF
vi
t -.1'~	h
II
CS
300 ms
Ablation From the LV
Endocardium
(n = 46)
Ablation From the
Coronar? Sinus
(n = 3)
p Value
Age (yr)
35±15
45±11 NS
Gender (FIM) 15131
411 NS
Structural heart disease 2146 0)5 NS
Duration of symptoms (yr)
13 = 14 21 ± 12
NS
Antiarrhythmic drugs used 1.7±1.5 2±1.6 NS
AP potentials recorded at endocardial
target sites
Manifest or concealed conduction
35146
25 Manifestf21 concealed
115
3 Mnnifestl2 concealed
0.036
NS
AP BCL (ms)
336 *- 91 2811 ± 20 NS
VA BCL Ims)
298 a 83 250 s 10 NS
SVT CL NO
346 W 59 320 ± 50 NS
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function in these five patients during a mean follow-up of 7
t
3 months .
Discussion
Main findings . Ir: this series of 51 consecutive patients
with a left-sided accessory pathway, 5 (10%) could not have
accessory pathway conduction interrupted with radio-
frequency energy applications on the endocardial surface of
the mitral annulus . All five of these patients inter had
successful ablation using radiofrequency energy delivered
within the coronary sinus . There were no complications or
recurrences of accessory pathway conduction after ablation
within the coronary sinus . Effective target site electrograms
in the coronary sinus were characterized by accessory
pathway potentials that were large in amplitude relative to
the atrial and ventricular eleetrograms . Accessory pathway
potentials were less frequently seen during endocardial
mapping in patients whose accessory pathway was ablated
from within the coronary sinus than in those whose acces-
sory pathway was successfully ablated from the endocardial
surface . These results suggest that a minority of left free wall
accessory pathways may be subepicardial in location and not
ablatable with an endocardial approach .
Comparison with previous studies . High energy direct
current shocks within the coronary sinus have been used to
ablate left-sided accessory pathways (7). However, this
approach was abandoned because of untoward side effects,
including coronary sinus rupture and the possibility of
intimal hyperplasia of the circumflex coronary artery . In
contrast, studies in animals suggested that radiofrequency
ablation within the coronary sinus was relatively safe (8,9) .
Although stenosis and even thrombosis of the coronary sinus
were observed, there was no rupture or pericardial bleeding .
The lesions involved the fat within the AV groove and
extended to the epicardial surfaces of the atrium and ventri-
cle. These experimental studies noted sparing of the circum-
flex coronary artery, presumably because of convective
cooling by blood flow within the artery .
Jackman et al. (10) described a technique in which
radiofrequency energy was applied in a bipolar fashion
between the distal electrode of a catheter within the coro-
nary sinus and a catheter on the ventricular aspect of the
mitral annulus. This approach appeared to be free of serious
complications in experimental animals and was used without
complicationii in the initial eight patients with a left-sided
accessory pathway in a large series reported by Jackman
et al . (1) .
Three preliminary reports have described the application
of radiofrequency energy within the coronary sinus for
ablation of left-sided pathways (11- .l3). Kuck et al . (11)
noted that accessory pathways appeared to be anatomically
related to the coronary sinus in 11 (4%) of 275 patients . As
with the current study, more than half of these accessory
pathways were associated with the origin of the middle
cardiac vein .
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Wang et al . (121 reported that 5 (3%) of 188 left free wall
accessory pathways couiJ riot be ablated usint' On--
dial approach . All five patients had very l ; : ;ge accessory
pathway potentials recorded from within the coronary sinus,
and all had interruption of accessory pathway conduction
using a single application of energy .
In a separate study from the same laboratory (13), seven
patients were identified whose accessory pathway was asso-
ciated with the middle cardiac vein . In these patients,
accessory pathway potentials were recorded only from the
origin of the middle cardiac vein .
Recently, Haissaguerre et al . (14) described the use of
unipolar radiofrequency ablation within the coronary sinus
in 8 of 212 patients whose left-sided accessory pathway
could not be interrupted with endocardial applications of
radiofrequency energy. As in this series, the technique was
effective. resulting in permanent elimination of accessory
pathway conduction in seven of eight patients without com-
plications ; however, there are several differences between
the two studies . Ablation within the coronary sinus was used
more than twice as frequently in the present series than in
the study of Haissaguerre et al . (14) (10% vs . 4%). A
prominent accessory pathway potential was a consistent
feature at effective target sites within the coronary sires in
the current study . In contrast, Haissaguerre et al . relied
exclusively on the timing of activation and on the morphol-
ogy of the unipolar electrogram to select target sites within
the coronary sinus. These investigators did not comment on
the occurrence or amplitude of accessory pathway potentials
at sites in the coronary sinus where radiofrequency energy
was applied .
Study limitations. The abssnce of angiographic evalua-
tion of the circumflex coronary artery or coronary sinus after
radiofrequency ablation represents a significant limitation of
this study. Neither perforation nor ECG evidence of isch-
emia was noted in the five patients who were treated with
ablation within the coronary sinus . Nevertheless, occult
injury to these structures cs nnot be excluded . It is possible
that a portion of the wall of the coronary sinus was injured
by the ablative lesion ; however, thrombosis of the coronary
sinus has been noted as an incidental complication of right
heart catheterization without clinically significant sequelae
(14,15) . Longer follow-up m larger numbers of patients will
be required to exclude the possibility of late-onset adverse
effects of radiofrequency energy applications within the
coronary sinus.
In this study, radiofrequency ablation within the coronary
sinus was used as a technique of last resort, after failure of
the endocardial approach . This may have resulted in an
underestimate of the prevalence of subepicardial accessory
pathways that traverse the AV groove in close proximity to
the coronary sinus because some of these accessory path-
ways may have inserted into the left ventricle near enough to
the mitral annulus to be interrupted by an endocardial lesion .
Conversely, some of the failures using the endocardial
approach may have been clue to the inability to position the
1104
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ablation catheter at the appropriate target site . In these
cases, the endocardial approach might have been more
effective if continued for a longer period of time or if used in
conjunction with transseptal puncture .
Clinical implications. The results of this study suggest
that some left-sided accessory pathways may be difficult to
ablate from the endocardial surface because they traverse
the AV groove subepicardially . The absence of an accessory
pathway potential during endocardial mapping in combina-
tion with a relatively large accessory pathway potential within
the coronary sinus may be a useful marker of a subepicardial
pathway
; however, a prospective study will be required to
determine the predictive accuracy of these criteria .
Given the potential risk of vascular complications asso-
ciated with ablation within the coronary sinus, this tech-
nique should be considered only at experienced centers
after vigorous efforts at endocardial ablation have been
unsuccessful. However, in this select patient group, radio-
frequency catheter ablation within the coronary sinus ap-
pears to enhance efficacy .
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